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@T WFIRST Summary

 WFIRST is the highest ranked large space mission in
NWNH, and plans to:

- complete the statistical census of Galactic planetary
systems using microlensing

- determine the nature of the dark energy that is driving
the current accelerating expansion of the universe : 05 82 Erpmnion

- survey the NIR sky for the community

- conduct a guest observer program {X

Lens Star
Source Star

% Earth-Sun L2 orbit, 5 year lifetime, 10 year goal

WFIRST

% Measurements are
- NIR sky surveys for BAO and weak lensing and A sELE ¥ ﬁ\\gﬁ%\ﬁ

‘w:a\“’?& w
- NIR monitoring for SNe and exoplanets A%
% Space-qualified large format HgCdTe detectors W | g
are US developed technology and flight ready “ H4RG Mosaic Plate

H2RG EDU FPA



SDT original Charter @/

“The SDT is to provide science requirements, investigation
approaches, key mission parameters, and any other
scientific studies needed to support the definition of an
optimized space mission concept satisfying the goals of the
WFIRST mission as outlined by the Astro2010 Decadal
Survey.”

“In particular, the SDT report should present assessments
about how best to proceed with the WFIRST mission,
covering the cases that the Euclid mission, in its current or
modified form, proceeds to flight development, or that ESA
does not choose Euclid in the near future.”



f@T SDT Charter for Final Report &

» December 7, 2011 Letter to SDT

1. Finalize IDRM analysis started in 2011
O Examine other options for reducing overall cost of mission
O Launch capable by end of calendar year 2022

2. Assess options to leverage off Euclid science
0 Develop a DRM that does not duplicate Euclid and LSST capabilities
O Examine options for reducing overall cost of the mission
O Launch capable by end of calendar year 2022

3. SDT augmented with up to 6 new members

» March 1-2nd SDT Meeting

1. Additional direction from HQ to develop a DRM that does not duplicate the
capability of JWST along with Euclid and LSST.



Wss® \WFIRST Science Definition Team &

Paul Schechter, MIT Co-Chair
James Green, U. Colorado/CASA Co-Chair

Rachel Bean, Cornell University

Charles Baltay, Yale

David Bennett, Univ. of Notre Dame
Robert Brown, STScl

Christopher Conselice, Univ. of Nottingham
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Scott Gaudi, Ohio State Univ.
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Bob Nichol, Univ. of Portsmouth
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Jason Rhodes, JPL
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Takahashi Sumi, Nagoya Univ.
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Wes Traub, JPL Ex-Officio
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Nikhil Padmanabhan, Yale
David Weinberg, Ohio State U.
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D WFIRST Science Definition Team @
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@T WFIRST - Science Objectives &

1) Complete a statistical census of planetary systems in the Galaxy, from
the outer habitable zone to free floating planets, including analogs to all of
the planets in our Solar System with the mass of Mars or greater.

2) Determine the expansion history of the Universe and its growth of
structure in order to test explanations of its apparent accelerating

expansion including Dark Energy and possible modifications to Einstein's
gravity.

3) Produce a deep map of the sky at NIR wavelengths, enabling new and
fundamental discoveries ranging from mapping the Galactic plane to
probing the reionization epoch by finding bright quasars at z>10.

4) Provide a general observer program utilizing >10% of the mission
minimum lifetime.



WA Euclid Context &

The SDT was asked to consider the
potential duplications of science capability
between Euclid and WFIRST, (and LSST
and JWST) and whether any cost savings
could be realized by eliminating those
duplications.



WITRET Euclid Context &

The NRC Euclid report directly addressed this issue,
independently of the SDT'’s efforts. It concluded:

“Euclid's and WFIRST's measurements are not
duplicative (emphasis added) and the combinations
will be more powerful than any single measurement.
Combining WFIRST with Euclid and ground based
data sets, such as that expected from LSST,

should further enable astronomers to address the
systematic challenges that previous ground-based
weak lensing measurements have experienced.
These combined data sets will likely overcome
systematic limitations and realize the full potential of
this powerful technique.”




Euclid Context e

The SDT agrees with the assessment of the
NRC report, but notes in addition that a
flexible WFIRST that flies after Euclid should
have the ability to optimize its science
program in light of the results of Euclid and
ground based efforts.
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QUGIEY W WFIRST — Euclid Comparison e

Mirror diameter 1.5m (effective) 1.2m
Visible imager none 36 CCD's
NIR imager spec 0.75x36 HgCdTe's  0.25x18 HgCdTe's

NIR pixel scale 0.18 " / pixel 0.30 "/ pixel
7 TP o S e S ST N SR T R
BAO errors | |

3l . | Kocevski et al. http://www.arxiv.org/pdf/1109.2588
; / Spheroids Disks Mergers / Interactions
E : / | | b <
é 2t St / 1 § . "-‘- 7 : . A
2| o WFIRST | Proresdeaseo fododf The Lo 20 LU,
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Wang & Bennett 2011 11



O IDRM

0 DRM2

1.3 meter off-axis telescope
3-channel payload

5 year mission

Atlas V Launch Vehicle

1.1 meter off-axis telescope
Single channel payload

3 year mission

Falcon 9 Launch Vehicle
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Key Hardware Changes
WFIRST DRM1, DRM2, vs. IDRM

0 New for DRM1:
Single science channel, SpC SCA’s moved to single larger focal plane array (FPA)
Prism wheel for spectroscopy (Galaxy redshift survey & SN prism assemblies) at same 0.18” pixel

scale as imaging
Extension to 2.4um cutoff
Gold mirror coatings

U New for DRM2:

H4RG-10 focal plane array

Lightweight, compact design to fit on lower cost launch vehicle (Falcon 9)

0 Unchanged:

Unobstructed three mirror
telescope

Filter wheel after cold pupil

Auxiliary guider used during
spectroscopy observations

IDRM DRM1 DRM2

Focal plane array type H2RG H2RG H4RG
FPA layout ImC 7x4, SpC 2(2x2) 9x4 H2RG 7x2 HARG
Telescope aperture, m 1.3 1.3 1.1
Telescope temperature, K 220 205 205

ImC0.291, SpC
Active field of view size, sq. deg. 2*%0.26, total 0.81 0.375 0.585

2 fixed opposed
GRS implementation prism channels prism wheel prism wheel
GRS bandpass, um 1.2-2.0 1.5-2.4 1.7-2.4
Focal length scales with pixel size, m 20.63 20.63 11.46
Optical axis relative to fairing axis parallel parallel perpendicular
Spacecraft redundancy full full selected
Sunshield type fixed fixed deployable
Launch Vehicle AtlasV AtlasV Falcon9
Mirror coatings protected silver gold gold

13




@i\ DRM1 Exoplanet Survey @
- Capability

In 500 days of total exoplanet microlensing survey time,
WFIRST.

« Demographics beyond the snow line, where the planets form

* Detects >2000 bound exoplanets in 0.1 — 20,000 Earth mass

» Detects = 100 free floating planets™ of 1 Mc_,,
» Detects = 250 terrestrial planets™ (0.3 — 3 M¢_.,)

* . 13 ”
Assuming one such planet per star; “500 day surveys” are concurrent
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WFIRST Exoplanet
Parameter Space

WFIRST Kepler
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@\ Cosmic Acceleration History @/
o DRM1 Capabilities

d BAO/RSD: covers 3400 deg? to a limiting Ha flux of

1 x 10~"% ergs/cm?/sec (7o) at resolution R = 600 over the
redshiftrange 1.3 <z < 2.7.

d Weak Lensing: covers 3400 deg? to a limiting magnitude
AB = 26 each inthe Y, J, H and K filters yielding 30
galaxies/arcmin? in J, H and K.

3 SNe-la: 2 tiered survey covering 6.5 deg? and 1.8 deg?
with a five day cadence over 1.8 years yielding ~100 SNe
per Az=0.1binfor04<z<1.7.
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WFIREHT DETF Figure of Merit e

Forecasts of the DETF FoM for different
combinations of the DRM1 WFIRST probes.
All forecasts incorporate priors for Planck
Conservative CMB and Stage Il dark energy experiments, Optimistic
‘ which on their own have an FoM of 116.
— Outer circles show the impact of adding
WFIRST SN, WL, or BAO to these 508

4 individually, and overlaps show the impact of - |
adding combinations. 5 ~
526 507 | 1185
| 1370
! 682 % l /
677
157 232 200
+BAO i +Gal P(K) —

+WL

For this figure we adopt our
conservative assumptions about
SN and WL systematics, and we

use only BAO information from
the galaxy redshift survey. The
FoM for all three probes
combined is 682.

This figure is the corresponding diagram for the
optimistic SN and WL systematics assumptions
and the full P(k) analysis of the galaxy redshift
survey. The FoM for each of the three methods
improves, with a dramatic change in the case of
WL, where the FoM nearly triples to 581. The
combined FoM for the three methods is 1370,

twice that of the conservative case. .-



DRM2 versus DRM1 @

1 DRM2 has only 60% of the observing time of DRM1. In the
straw man allocations each program is reduced by this
amount.

O extended sources: the figure of merit per unit time is the grasp
— the field of view times collecting area. DRM2/DRM1 = 1.117.

O point sources: the figure of merit per unit time is the grasp
divided by the diffraction limited solid angle. DRM2/DRM1 =
0.800

1 BAO/RSD: The redshift survey is restricted to 1.6 <z < 2.7 to
compensate for the decreased observing time.

O Weak Lensing: DRM2 covers 2/3 the area of DRM1 with 25
resolved galaxies/deg? rather than 30.

L Exoplanet Microlensing: The shorter time baseline means that
a smaller fraction of exoplanets will have measured masses
rather than just mass ratios.
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@_TD DRM 1 NIR Survey Capability @

* Identify = 2000 quasars at redshift z> 7 and = 35
quasars at redshift > 10

3 X 10° galaxies at z>1 to extend studies of galaxy
formation and evolution

« Map the structure of the Galaxy using red giant clump
stars as tracers

* QObtain broad-band NIR spectral energy distributions of =

19




WFIRST NIR Surveys e

NIR Imaging Surveys NIR Redshlft Surveys
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WIFIREGST Survey Strategies

Example DRM1 Observing Plan

130 r r . 1 r l
120 oo o _ -
The horizontal axis shows 3 i g
time t from the start of 110 F » . i
observations, and the t Dotk RleR A : ,
vertical axis shows the 100 |+ $i Gl 1RSI ': i
angle between the line of 2N L N R .
sight and the Sun (). The & 90 | 4N gl N 1 ‘ )
survey programs are L) Vosde YR A 1T {
color-coded: red for the SNe .” N |
HLS; for the 80 1 : o |
Galactic Plane survey;
dark blue for the 70 -
supernova survey;
magenta for the 60 F -
microlensing survey; and exoplanets
for the GO 50 ! ! L ! ! ! L ! ! L
program 0 6 12 18 24 30 36 42 48 54 60
t (months)
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WIFIREST Straw Man Allocations e

Program DRM1 DRM2
exoplanet microlensing 14.4 months 8.9 months
general observer 6.1 months 3.6 months
supernovae 5.4 months 3.6 months
Galactic plane survey 5.3 months 3.4 months
high latitude imaging survey? 14.6 months 9.9 months
redshift survey® 14.2 months 6.5 months
Totals 5.0 years 3.0 years

2 includes weak lensing survey
b includes baryon acoustic oscillation survey
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@T WFIRST’s Central Line of Sight (LOS) @/
Field of Regard (FOR)

Observing Zone:
54°-126° Pitch off Sun Line
360" Yaw about Sun Line 7,
+10° Roll about LOS
(off max power roll*)

SNe Inertially
Fixed Fields must
be within 20" of
one of the Ecliptic
Poles, and can
be rotated every
~45 days

SNe Fields

* Larger roll allowed for SNe

Keep-Out
Zone

Obsélrving Z(‘)\‘ne\\
WL/ BAO-RSD/ ExP can observe

GI/GP Surveys 'F“_elr(tjia'_'y chixed
can be optimized Glel St_'” 3 el B
within the full alactic Bulge (GB)

for 72 days twice a

Observing Zone
year

SNe Fields
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DRM1 Field of view @/
& focal plane layout

Single channel FPA: 9x4 @ 0.18"/p;

Channel field layout for WFIRST DRM1

1.3m uTMA, 9x4 single channel @0.18"/H2RG pixel
The Field of view of the single imaging &
spectroscopy channel is shown to scale with the
Moon, HST, and JWST. Each square is a 4Mpix
vis-NIR sensor chip assembly (SCA)

0.469

1.084°

Auxiliary Fine
Guidance System

I | /
JWST [all instruments] I“ R

WFIRST-JWST Focal plane Comparison

» Areais 145x larger than NIRCAM (0.375 vs.
0.00259 sq degrees

» Focal plane has 5x more pixels than NIRCAM
short wave cameras (150 vs 33 Mpix)

\\\\\\\\

\\ fGsm ., o ‘
Moon (average size \ /

seen from Earth) Te—
HST [all instruments]
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CANDELS fields
on DRM1 focal plane

‘VVT?EI{ﬁiyﬁF

GOODS-S GOODS-N EGS COSMOS

% % Yot e % | U 1% 5 S
% 74 N1 B NN TR 7 N //'Q(;// L PR A
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o— WG 1.08d
B2 © —ACS |

- — |
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DRM2 Field of view @/
& focal plane layout

Channel field layout for WFIRST “DRM2”

The Field of view of the single channel which can be used 7x2 @ 0.18"/p, 0.585 sq.deg
in imaging (Im), BAO spectroscopy (Sp), or SN
spectroscopy (SNSp) mode is shown to scale with the
Moon, HST, and JWST. Each square is a 16Mpix vis-NIR
sensor chip assembly (SCA), 10 um pixels

0.429°
o 1.551°
WFIRST-JWST Focal plane Comparison Teey 4 0 |’, A
« Area is 226x larger than NIRCAM (0.585 sq A W
JWST [all
vs 0.00259 degrees) instruments]

» Focal plane has 7x more pixels than NIRCAM HST“[éMIIinsT‘rum;ﬁtsl
short wave cameras (235 vs 33 Mpix)

Moon (average size
seen from Earth)
|
Auxiliary Fine
Guidance System

0.26°

0.54°
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« Substantiate that the DRM1 can
achieve the science objectives
mandated by NWNH

« Trace WFIRST’s Science Objectives
to a set of derived Survey and Data
Set requirements, and flow these
down to a responsive Observatory
Design and Ops Concept

 DRM1 is a Reference Design
o Multiple designs can meet the
science requirements

DRM1 One Page Flow Down

IWFIRST

ience Obj

FIRST Survey Capabilty Rqts

the Galactic plane to probing the]

—H) Complete the statistical census of planetary systems in the Galaxy, from the outer habitable zone to free floating planets, including analogs of al o thel
planetsin our Solar System with the mass of Mars or greater.
) Determine the expansion history of the Universe and s growth of structure so as to test explanations of its apparent accelerating expansion including|
Dark Energy and modifications to Einstein's gravity.
13) Produce a deep map of the sky at NIR , enabling new and discoveries ranging
reionization epoch by finding bright quasars at z>10.
14) Provide a guest observer program utiizing aminimumof 10%of the mission minimum|ifetime

« Planet detection capabiltyto ~0.1
Earth mass (M)

» Detects > 125 planets of 1 Mg in 2
year orbits in a 500 day survey, with
the masses of > 90 of these planets

being determined to betterthan 20%*
+ Detects > 25

f
r'3

Exoplanet (ExP) Microlensing Survey|

Key WFIRST DRM1 Observatory DesignParameters and

«+Off-axis focal telescope; 1.3m diametertelescope aperture

(05t 10Mg)ina 500 day survey *

+ Detects > 30 free floating planets of 1
Mg ina 500 day survey *

* Assuming one such planet per star

-ACS telemetry downlmked for pointing history reconstruction

Dark Energy Data Sets
GRS Data Set Rats
+Slitless prism, spect dispersionRy=
50- 250 arcsec
+SIN 27 for r4= 300 masfor Ho.
20um >1.1x10-

Dark Y
Galaxy Redshift Survey

+ 23,000 deg2sky coverage

« A comoving densityof galaxy redshifs
2z=2 of 29x10*Mpc2

*Redshiftrange 13<z<27

« Redshitterrors c,0.001(1+2),
equivalentto 300 km/srms

« Misidentified lines <5% persource

erglcm?-s
+Bandpass 1.5 <i.< 2.4 mm
+Pixel scale < 180 mas
+System PSF EES0%radius 325 mas
at2 pm
+>3 dispersion directions required, two
nearly opposed

+Reach Jz=24 0AND (=235 OR
K,E-23 1)for r=0.3arcsecsource at
0 order

type, <10% overall;
fractions knownto 2x102

Supernova SNe-la Survey

detedlon in2fiters
Supernova Data SetRats
foran

» >100 SNe-la per Az=0.1 bin for most
binsfor 0.4 <z <1.2, per dedicated 6|

. Observalwona\ noise contributionto

D
individual field: ~2 years witha
sampling cadence <5 day

Cross filter color calibration <0 005

«Threefilters,

FIRST Data Set Rqts
Exoplanet Data SetRqts
+Observe > 2 square degreesinthe | | Sonstraints
i?;ﬁ‘,ﬁig::;: 15 mine +<205K telescope optical surfaces
L SN>100for J. <) ) -BandpassOS—H um
sources
["l.<03 imaging angularresolution -Coavse Pomung Accuracy <~3 arcsecrmslaxis
filter W166
*Monitor color with filter Y107, 1 I Mode:
exposure every 12 hours maging Mo 50K
span ~60days Eflctive Area (avg over bandpass):0.778m2
f 24 years between first
and last obsening seasons

+6 band parfocal iterset onwheel, driven by ExP, SNe, WL
*FPA: 4x9 HgCdTe 2kx 2k SCAs, 2 5mm, <100K, 180 mas/pix
+FOV (active area) = ~0.375 deg? Bandpass 0.6 24 um

4 Outrigger FGS SCAs mountedto Focal Plane Assy (FPA)
+WFE is diffraction limited at 1um

Spectroscopy Mode:

+SN Prism: R=75 (2-pix) parfocal, zero deviation prism

+SN Prism Effective Area (avg over bandpass) 0.750mz(0.6 to
20 pum)

+2 oppositely dispersed GRS prisms: Dy = 160 - 240 arcsec,
parfocal, zero deviation prism

GRS Prism Efiective Area (avg over bandpass: 0.953m2(1 5-

24um)
Aux FGS:2 SCAs: controls Pitch/Yaw during spectroscopy mode

0732-0962
0920 -1209
115152
1453-1910
1826 -2400
0920 -2400
060-200
150-240

VIO

2

Key WFIRST DRM1 Operations Concept Parameters
+5-year mission fe, but consumables required for 10yrs

2<0.02 per
A2=01 binuptoz =17

130)0. &2 pm‘
2/AL~T5 (SIN 2 2 perpixelBin) for

jenceF (FOR):54't0 126" pitch offthe Sun, 360°
yaw

«Roll+10%; SNe observations nertiallyfixed for ~45 days for
viewing near the ecliptic polefs)

galaxy density >30/aminZ, shapes
resolved plus pholo-z’s

« Additive shear error <3x10-+

* Multiplicative shear err. <1x10-2

 Photo-z error distribution width
<0.04(1+2),catastrophicerror rate:
<2%

- Systematic error in photo-z offsets <
0.002(1+2)

 Redshifterror o < 0.005 per redshifttyping
SDu?e.mova *Photometric SIN >15at lightcurve
photometric calibration acrossthe redshift
wavelength range Dither with 15 mas accuracy
WL +Low! , E(B-V) <0.02
|+ > 3,000 deg?sky coverage; effective WL Data Set Rats

+From Space: 3 shape/color filter bands|
(JH, andK) and 1 colorfilterband (Y;
onlyfor photoz)

+SIN >18 (matched filter detection
significance) per shape/colorfilterfor
ga\axy rs=250 masandmagAB =

~PSF second moment (l,+ ;) known
to arelative error of < 9.3x10-4rms
(shapelcolorfilters only)

«PSF ellipticty (b, 27 (e * )
knownto < 4.7x10-* rms (shape/color
filters only)

+System PSF EES0 radius <166 (J
band), 185 (H), or 214 (K) mas

~16 for dithers, ~38s for ~0.7° slews
SNe-la Survey (~11.7 deg?yrs to z = 0.8, ~3.2 degyrs to z =
17)

+A sample: ~6 months dedicated
fime)is shown,eachtier opfimizedfor a difierentz range

«Tier1 (1o z=0.8): 648 degZ, J134, H168,K211 (300 @), P130
(1800s)

«Tier2(to z=1.7): 1.80deg?, J134, H168,K211 (1500 @), P130
(95005)

*SNe 5-day cad ~18
years {o provide suitable light curve tracking and accurate host
‘galaxy references (e.g.if 6 months are dedicated SNe, 33 hrs of
SN field monitoring would be done every 5 days for ~1.8 years)

+SNe fields are monitored from end of one ExP Galactic Bulge
season untilthe start of the 4 following ExP season (~1 8 yrs)

«Fields located in low dustregions <20° off an ecliptic pole (N and
S fields not required)

+4-9 sub-pixel dithers, accurate to~15 mas, performed at each

At least5 (HK] or 6 (J) and
requiredfor shapelcolorbands, and 4
forY at same ditherexposure ime

«From Ground: >4 colorfiter bands

inting
ExP Survey (~2.62deg2monitored every 15 min, 144 daysiyr)
-day
yeav
obsening

exoplanet datasets are being acquired. This, in combination with

(over 5yrs)

~04<1<~092um the field monitoring time span required for SNe and the 60 days

+From G,o.md + Space combined requiredfor ExP, limitsthe maxnumberof Galactic Bulge

Complete exoplanet

PZCSIrammg data set contammg > «In eachseason 7 fields are revisited ona 15 min cadence,
39(in W166) for light

JHK bands) and aﬂeasM

Near Infrared Survey
- Identity >100 quasars at redshifiz >7

excep!fov onevisit every 12 hoursthat uses filter Y107 for color
I

field:
requiredis ,<0.01(1+2)

~Extend formation
and evolution to z> 1 by making
sensitive, wide-field images ofthe
L] extagalacticskyat near-nfrared
thereby

Near Infrared Data SetRats
+ Image > 2500 deg2of high [aftude

sky inthree
>

ited to an accuracyof 1 pixel rms; no precise
d\tﬁers
y Shape y i Y (+1 olyr)
th- inYJHKis obtained; h
filter split over two roll angles (Goal) by ~5° relative roll offset);
shapemeasurementsobtamed|nJHK

B=25at

> 1x10galaxiesat 2>1
+Map the structure of the Galaxy using
red giant clump stars as tracers

SIN=5. F d
(ground-based) optical imaging
- image > 1500 deg2of the Galactic

the full field for YHK, 9
randcmdnheysfor J, providing90% coverage at >5 exposure
depthfor YHK, 6 for J

+750sec (150 sec perdither) integration time in each of YHK, 900
secforJ

lane inthree near-infrared fters
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WFIRST DRM1
Observatory Layout & Ray Trace

&

FPA- GRS} prils:r;
. | =N

B

SMy radiator ;|

——
ST

Solar array/sunshielC
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Payload Optics Block Diagram

WFIRST DRM1

&

Telescope

505K Unobstructed

Focal Telescope:

PM and SM
followed by
Tertiary Mirror
(TM) and fold
flats that feed the

science channel
and an auxiliary
FGS

~

>

™

180 mas/pix
f/15.9

GRS = Galaxy Redshift Survey

FGS = Fine Guidance Sensor: Outrigger FGS used during imaging, Auxiliary FGS used during spectroscopy
SN = Type1a Supernovae

\J

Instrument
[ 180 mas/pix \
9x4 FPA;
Cold . . L]l [ ][] | I;I 2)|§x2k.1_8_pm SCAs:
Buoil Filter Prism OO [ 150 Mpix;
N Pupll [ M % 1| i 100K;
Mooy [ Wheel [ wheel NN 053 iy vaniass
" . eg
8 positions 6 positions Active Area
(6 filters, (3 prism “Outrigger FGS” SCAs (4,
open, blank)  assemblies, in pink) shown in notional
{SN, 2 GRS}, positions on Focal Plane
3 open) )
Science Channel
SN Resolving power 75/2pixel;
GRS Dispersion Dg= 160-240 arcsec
1x2 FPA; 2kx2k, 18um pixel size
SCAs; ~8 Mpix;
ili 250 mas/pix; <120K; 0.6-2.0u bandpass;
Alf:X(glgry ).. f11.4 0.04 deg? Active Area

0.30° x 0.14° FQOV Extent

J




WFIRST DRM2
Observatory Layout

-]

e Sunis at bottom in
this view

Radiator ° WMAP-Ilke
progression from
warm solar array

FPA
Solar

array(blue)

Instrument

> sunshade (300K) to cold focal
configuration plane (100K) from
Telescope bottom to top
Overall dry mass
500+ kg less than
DRM1
Spacecraft

Solar array(blue) & sunshade, deployed
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DRM2 — Ray Trace e

« Compact packaging
has a lower cg which

2 F3
-g, . Aux FGS  translates into lower
-~ g : ll{/

™

Mass

1  Also enables
. F deployable
sunshade, horizontal
optical axis

* Fits within lower cost
launch vehicle even
oM with mass margins
required by CATE

L /“
y
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WFIRST DRM2
Payload Optics Block Diagram

&

T Instrument
@‘SK Unobstructed, Focal ( 7x2 FPA; \
. 4kx4k, 10um pixel size
Telescope: Cold - SCAs:
: ler Prism 234 Mpix;
PM and SM > ™ =T Pupil [~ Wheel 1 Wheel — 100K;
Tertiary Mirror f110.4 8 positions 6 positions 180 masipix 0052 deg
(TM) and 2 fold (6 filters, (3 prism Active Area
fla.ts, that feed open, blank) assembilies, Guiding in imaging mode performed
the instrument (1 {SN, 2 GRS}, using guiding functions contained in
channel) and an 3 open) the 7x2 science SCAs
auxiliary FGS
Science Channel

SN Resolving power75/2pixel;
GRS Dispersion Dg= 160-240 arcsec

1x2 FPA; 4kx4k, 10um pixel size

- SCAs; 32 Mpix;
Auxmary ).. 230 mas/pix; <120K; 0.6-2.4um bandpass; 0.14
) FGS /8.1 deg? Active Area
0.54° x 0.26° FOV Extent

k / \ Auxiliary Guider Channel /

GRS = Galaxy Redshift Survey
FGS = Fine Guidance Sensor: Science SCA (guiding windows) used during imaging, Auxiliary FGS used during spectroscopy

SN = Type1a Supernovae
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WFIRST DRM1 Schedule Estimate &

Calendar Year
2013 2014 2015 2016 2017 2018 2019 2020 2021
Task Name
3oa a3 al oo saf oo s]al oo s]alaalsalo]a]s]afa]a]3]a]a]2]3]4
WEIRST DRM 1 | Phase A H Phase B H Phase C | Phase D | PhaseE
—— ’ ) ‘ (X (A | &
Mission Level Reviews MR SRR POR CDR SR PER FORR LRR LRD
Telescope Launch
Telescope Activities | N A Ay
PR L (DR PER PSR
‘ Instrument and Payload Development A AA‘
Instrument Activities PR R PER PSR
Payload I&T
Payload I&T
Spacecraft Development A A
Spacecraft Activities ‘ % R PSR ‘
Obseryatory I&T
Observatory I&T, ! Lauiich
reserve
Environmental Testing L—%@LJ
Launch Vehicle Setvices
Launch Vehicle Sevices AX A A Zﬁ
ATP PD (DR LRR
Ground Systems Development
Ground Systems
MORR | Fom
79 month development schedule Funded Schedule Reserve

Start of Phase B FY 15
Launch Readiness Date Sept ember 2020
7 month schedule reserve 33



WFIRST DRM2 Schedule Estimate

Calendar Year
2013 2014 2015 2016 2017 2018 2019 2020
Task Name
3 4o al oo sfa oo 3{ala]o]3]ala]a]3]ala]a|3]a]t]2]3]4
WFIRST DRM 2 | Phase A H Phase B H Phase C | Phase D rit
[ ] [ ) ¢ L e (2K A AN W
Mission Level Reviews MCR SRR PDR CDR SR |PER FORR| LRR LRD
‘ A : A Launch
Telescope Activities DR : bR PSR
Instrument and Payload Development
| A\ A ASAY
Instrument Activities PDR COR PER PSR
Paﬁ%dl&T
Payload I&T
Spacecraft Development
| N A Al
Spacecraft Activities PDR COR PSR
Observatory I&T
Observatory I&T, AU reserye ‘
Environmental Testing bgg OPS
Launch Vehicle Services
Launch Vehicle Sevices 4%, PADR CADR L{XR
Ground Systems Development
Ground Systems | A A
| MORR | FORR

Funded Schedule Reserve

. 72 month development schedule
+  Start of Phase B FY 15
. Launch Readiness Date April 2020

. 6 month schedule reserve 34



WFIRST DRM1 Cost Estimate &

«  The IDRM life cycle cost estimate last year was $1.63B. The ICE for the IDRM was 7% higher than
the Project’s estimate.

«  The DRM1 configuration under study incorporates only one significant change vs. mid-2011
IDRM configuration.

— Payload optical channels are reduced from 3 to 1.

«  Assessment of the resulting cost savings from these changes indicates that the overall cost
savings are modest - less than $125M.

DRM1 (FY15 Start) - 1.3m, single channel 0 4 6 OTA

et. Dev | Phase A| Phase B Phase C

DRM1(FYI5Start) | @ @ @& & 00 O O Mo

(Schedule & COSt) MCR SRR/ PDR CDR N_lR SIR Launch EoM-P
MDR Delivery
Total RYMS's
Budeet Req'ts $13 $26 $139 $113 $116 5423 $362 $218 $147 $55 $57 $58 S60 $41 $1,816
& g Total FY12MS's $13 $25 $129 $102 $102 $362 $302 $177 $116 $43 $43 $43 $43 $29 $1,515

«  As aresult of this, HQ has deferred performing the CATE on DRM1, given that the savings are
modest and the CATE last year was in good agreement (7%) with the WFIRST Project’s estimate.

« NOTE: based on the optimizations that have been studied on DRM2, should the desired path
forward be a “DRM1-like” configuration, off-axis telescope with an aperture larger than 1.1 m,
then our recommendation is that follow-on efforts examine the potential for extending the

optimizations developed in the DRM2 configuration (more to follow).
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WFIRST DRM2 Cost Estimate &

« The DRM2 mission concept combines the cost efficiencies of the 2010 Probe mission concept
with the payload simplicity and capability of the single channel DRM1.

« Significant mass reductions were enabled by rethinking major elements such as the solar
array-sunshield, payload orientation, and spacecraft mechanical load path.

* Results in robust mass margins within capability of F-9 launch vehicle.

« The Project’s estimate of the development cost of DRM2 (cost to clear the tower) is $870M

FY12).

($— The)comparable ICE development cost for the Probe in 2010 was approximately $960M ($FY12). The historical

Probe ICE estimate has been adjusted to use the identical F-9 launch vehicle cost used in the DRM2 estimate
to allow a comparison.

DRM2 (FY15 Start) - 1.1m, single channel 8 s 0 i OTA
et. Dev | Phase A| Phase B Phase C Phase Phases

DRM2 (FY15 Start) d d d <> N ae

(Schedule & Cost) CR SRR/ PDR  CDR SIR NIR Launch EoM-P
MDR Delivery
Total RYMS's
Budeet Req'ts $13 $26 $81 $148 $153 $198 $199 $143 $61 $48 $46 $8 $1,112
& 9 Total FY12MS$'s $13 $25 $75 $134 $134 $170 $166 $116 $48 $37 $35 $6 $945

 The changes incorporated into the DRM2 configuration show promise for follow-on study.

«  With more detailed engineering effort, the potential exists for exploiting some of the available

margin to increase the telescope aperture and size of the focal plane, but staying within the
low cost framework.

« Additional effort could also be applied to examine the cost benefit trade-off of additional
redundancy in the spacecraft and instrument to enable potential extended operations of this
low-cost WFIRST mission.

« DRMZ2 configuration requires investment in the H4RG detectors 36




WIFIR & Conclusion e

« The SDT and Project have completed the action of developing two
compelling mission concepts.

« DRM1: Fully responsive to the objectives of NWNH at reduced cost

« DRM2: Extraordinary low-cost near-infrared survey opportunity. The
limited 3 year life precludes full compliance with NWNH goals.

« Recommended path forward:

* The optimizations developed for DRM2 indicate that there is a
scientifically compelling, medium-cost trade space, for developing a
near infrared survey mission.

* Refine the innovations developed in DRM2 into a “DRM1-like” mission
concept; determine whether performance of this new concept can be
fully responsive to NWNH.

« DRM1 and DRM2 are both compelling opportunities for wide-field near-
infrared surveys of critical importance to a broad spectrum of
astronomical disciplines.

* Incorporating the optimizations that enabled DRM2 into DRM1 has the
potential of creating an extraordinary opportunity to deliver the science
required of NWNH at a medium class budget.
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